properly cited.
Introduction
Pelvic fractures comprise less than 5% of all fractures in octogenarians. However, fractures of the pelvis constitute up to 23% of admissions to level I trauma centers [1] . Similar to adults, octogenarians have pelvic fractures that can be associated with high-energy trauma and injury to other physiological systems that may lead to an increased incidence of complications and mortality [1] . Multiple fractures and organ damage may occur with low velocity injury because of the osteoporotic nature of the octogenarian skeleton and the increased association with chronic comorbidities and sarcopenia [2, 3] . Thus, an elderly person presenting with a pelvic fracture should be evaluated early for having a multiorgan injury with an increased potential for harm, complications, and death. Previous studies on octogenarian pelvic fractures analyzed the elderly population as a whole, including both the elderly (65-79 years old) and the octogenarians (≥ 80 years old) [1, 4] . Low velocity injuries in the elderly have been the focus studies that evaluated patients with osteoporosis and pelvis fractures [5] [6] [7] .
Patients older than 80 comprise a period of life that is fraught with multiple comorbidities that are managed by their primary care physician. Decline in the reproductive, cardiovascular, and skeletal systems, as well as alterations in body composition during this stage of life, can often contribute to varying responses to injury [3, 8] . Physiological changes in the elderly lead to a theoretical decreased ability to withstand the effect of traumatic injury. Physiologic changes include a decrease in weight, lean body mass, muscle size, 2 Journal of Osteoporosis and bone mass [8] . Moreover, there is a decrease in blood pressure, blood volume, hematocrit cardiovascular, and lung vital capacity [9] . Thus, depending on the placement of an elderly person on the physiological curve, he or she may respond to trauma differently than an adult.
The authors hypothesized that octogenarian patients with pelvic fractures have a higher risk of complications and mortality as compared to younger elderly and adult patients after admission to a trauma center. Because of the relative rarity of high velocity pelvic fractures in elderly and octogenarian patients, data was collected from the National Trauma Data Bank (NTDB).
Materials and Methods
We identified the study populations that were entered into the National Trauma Data Bank (NTDB version 7.1). This NTDB version contained data from over 900 United States trauma centers. There were over 2.7 million patient records from the years 2002 to 2006 that were entered into the NTDB. The NTDB contains patient data compiled from medical records before, during, and after admission. This information is submitted to the American College of Surgeons for quality control and maintenance.
The NTDB reports all injuries by using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnostic codes. The data was imported and merged into a single dataset from the 13 NTDB files using SAS version 9.2 (SAS Institute, Cary, NC). Abbreviated Injury Scale (AIS) scores for lower extremities were linked to a pelvic fracture code (see later). Linking to the pelvic fracture code ensured that AIS values were recorded for only pelvic injuries.
The initial NTDB population consisted of over 2.7 million entries. For the purpose of this study, all burn or penetrating injuries were excluded reducing the group to1.7 million patients. If a patient's multiple ICD-9 DCODE (diagnosis codes) entries contained at least one of the following codes, the patient was considered to have a pelvic fracture: 808. In order to analyze the elderly population and compare it to the adult population, children aged 17 years and younger were excluded yielding a study population of 45,081 patients. This final study population was subdivided into octogenarian, defined as all patients older than 79 years, elderly, defined as ages 65 to 79 years old, and adults, defined to be ages 18 to 64 years old. This subdivision was performed because of many previous studies that evaluated strength, performance, and outcomes in groups younger or older than 80 years old [10] [11] [12] [13] .
The main outcomes of interest were mortality and severe complication. A severe complication was defined as having renal failure, acute respiratory distress syndrome (ARDS), or a pulmonary embolism recorded in the NTDB. Analysis of prehospital risk factors was considered to determine the association with the main outcome variables of mortality and severe complications. These risk factors included sex, race, age, arrival in shock (systolic blood pressure less than 90 mmHg), head injury (a positive head computed tomography), injury severity score (ISS), and mechanism of injury.
Statistical Analysis.
All statistical analyses were conducted using SAS. Descriptive statistics were performed on the entire study population. To determine associations between risk factors and the main outcomes of interest, bivariate analysis was conducted between the main end points and each pre-hospital risk factor. Continuous covariates were dichotomized. Risk factors that were not already dichotomous were transformed into two mutually exclusive categories. For example, ISS became greater than or equal to 16 and less than 16. For this assessment, open fractures and unknown mechanisms of injury were excluded, yielding a study group of 31,475.
A subpopulation of severe pelvic injuries was also created to determine if any octogenarian subgroup has better outcomes. For this population, an AIS of less than 3 and all patients with lower extremity fractures besides pelvic fractures were excluded. This created a study subgroup of 3,101 patients with isolated severe pelvic fractures.
For both the main study population and the subgroup of severe pelvic injury, prehospital risk factors were determined to be significant using the Mantel-Haenszel test. This method produced crude odds ratios and 95% confidence intervals, and those variables of significance were included for multivariate analysis. Mechanism of injury was not included in the final multivariate analysis due to the inconsistency and unreliability of the data.
Logistic regression analyses including those variables deemed to be of significance were performed to determine the association between the prehospital risk factors and the two main outcomes (death and severe complication). In order to assess the importance of age and outcome after sustaining a pelvic fracture, each model included a specific age group (octogenarian or elderly) as compared to adults as referent. The Hosmer-Lemeshow goodness-of-fit test was performed on each model to determine whether or not the observed event rates matched the expectant event rates. The P value must be greater than 0.05 to indicate a good fit.
Results

Descriptive Data for the Whole
Population. There were 45,081 individuals that matched the preliminary inclusion and exclusion criteria. Descriptive statistics of demographics, injury mechanism, injury severity, treatment, and complications are presented in Table 1 . The study population was 
Journal of Osteoporosis Figure 1 . Most of the pelvic fractures were closed (96.4%). However, open fractures occurred in 4.5% of adults and only 0.7% of octogenarian patients. Pubic rami fractures had the highest prevalence (42.7%), with the octogenarian patients having the highest percentage (48%) relative to the elderly (44.7%) and adults (41.4%). The most common known mechanism of injury was motor vehicle accident (34.8%), with low-energy fall (15.6%) and high-energy fall (10.8%) following. As expected, the octogenarian patients had a high rate of low energy falls (49.6%) relative the elderly (32.6%) and adult (6.3%) patients. A large percentage of the population had no mechanism of injury reported (27.8%). These individuals were excluded from the final analysis if it included the mechanism of injury. In terms of injury severity score (ISS), most patients had a score less than 16 (52.1%). When divided by age, more octogenarian patients (76.7%) had an ISS less than 16 compared to elderly (62.0%) or adults (45.9%). In terms of hemodynamic instability on arrival, the octogenarian group had a higher percentage of patients with systolic blood pressure (BP) greater than 140 mmHg (49.5%) compared to the elderly (40.9%) and the adults (25.9%).
The increase in blood pressure in octogenarians may be due to comorbid conditions previous to admission. For adults, elderly, and octogenarians, the rate of BP less than 90 mmHg was similar (16.5%-17.1%).
Multivariate Logistic Regression Analysis for the Whole
Population. Variables that were found to be significant in the bivariate analysis were included in the final multiple logistic regression models for death and severe complication as outcomes using predictors upon arrivals to the emergency room. Adjusted odds ratios and 95% confidence intervals are presented in Table 2 . As compared to the adult population, the elderly had 2. (n = 3, 101). There were minor differences in gender and race as compared to the whole population. For the variables survival and severe complication, adults survived slightly more (94.2%) than the elderly population (92.4%) and more than the octogenarian population (90.3%). However, there were more severe complication rates in the elderly (11.0%) and octogenarian (11.7%) relative to the adult group (8.0%). The most common mechanism of injury was low velocity fall for the octogenarian population (56.2%) and the elderly population (45.4%). However, the most common mechanism of injury for the adult population was motor vehicle accident (55.8%). Similar to the whole population, the severe pelvic injury group demonstrated more octogenarian patients with an ISS less than 16 (78.0%). In terms of hemodynamic instability on arrival, octogenarian patients had the highest percentage of patients with systolic blood pressure greater than 140 mmHg (52.5%). The percentage of patients that survived and stayed in the hospital less than one week was largest in octogenarians (71.1%) relative to elderly (57.7%) and adults (52.7%). By contrast, the octogenarian patients that survived had the highest rate of ICU stay less than one week (93.4%) relative to the adults (88.8%) and the elderly (87.0%).
The severe pelvic fracture subpopulation data was analyzed using bivariate analysis (Table 4) . Adults had a decrease in odds of death after sustaining a pelvic fracture. Individuals that suffered from hypovolemic shock, head injury, or ISS ≥ 16, had an increase in odds of death and severe complications. Of all the reported mechanisms of injury, motor vehicle accident had 2.28-fold increased odds of death (95% CI: 1.70-3.07) and 2.17-fold higher odds of severe complications (95% CI: 1.68-2.80). Low energy falls had decreased odds of death (OR: 0.16, 95% CI: 0.10-0.30) and severe complications (OR: 0.21, 95% CI: 0.12-0.35).
Variables that were found to be significant in the bivariate analysis were included in the final multiple logistic regression models for death and severe complication as outcomes (Table 5) . When controlling for pre-hospital conditions and using the adult group as a referent, the octogenarian group had 4.7-fold higher odds of death (95% CI: 2.98-7.34) and 4.57-fold higher odd of complications (95% CI: 3.01-6.96) after sustaining a pelvic fracture. Moreover, the elderly had 1.81-fold increase in odds of death (95% CI: 
Discussion
This study found increased odds of complications and mortality in the octogenarian population with pelvic fractures as compared to younger elderly patients and adults. Multivariate logistic regression analysis showed that octogenarians had a large increase odds ratio of death even though the mechanisms of injury and ISS were less severe compared to adults.
The management of elderly and octogenarian patients with pelvis fractures is fraught with increased mortality relative to their adult counterparts. The numbers of patients older than 80 years are increasing, and they are enjoying a more active lifestyle. In light of their increased fragility and decreased reaction times, it is likely that they will continue to have an increase in the incidence of severe traumas [1, 14, 15] . Moreover, 69% of patients older than 65 years of age have increased comorbidities on admission to the trauma center relative to their younger adult counterparts [16] .
There are few studies that evaluate the outcomes of elderly patients with pelvis fractures [4] [5] [6] [7] [17] [18] [19] [20] [21] . This study differs from previous studies regarding pelvic fractures in the elderly population by considering the octogenarian (≥80 years old) and young elderly (65-79 years old) populations in the United States that were admitted to trauma centers as separate groups. We have analyzed records gathered from the NTDB regarding pelvis fractures to characterize the risks of mortality and complications in 6,408 elderly and 5,647 octogenarians and compared them to 32,660 adults. Analysis of the data illustrates that relative to adults, octogenarians, more than elderly patients, had an increased odds ratio of mortality and severe complications. Commensurate with other research, this study found that for the total population with pelvic injuries admitted to trauma centers, hypovolemic shock, head injury, ISS ≥ 16, and higher velocity mechanisms of injury have an increased risk of death [22] . In this study, and commensurate with other studies [1] , low velocity falls were the most common mechanism of injury for elderly (30%) and octogenarian (50%) patients with pelvis fractures. In a study that surveyed falls in patients older than 65, injury with ISS greater than 15 occurred in 32% of the elderly versus 15% in the young [23] . Moreover, they found that 27% of elderly patients and 14% of young patients had AIS scores attributed to the pelvis. The conclusion was that it could take lower velocity trauma in elderly patients to cause high severity injuries. However, in a study examining age-related outcomes that stratified patients who sustained blunt pelvic injury into more or less than 55 year old, the elderly and young had the same mechanism of injury that brought them to that tertiary care facility [24] . Overall, there was 10.4-fold increased odds ratio for the risk of death if the ISS was ≥16. There were lower velocity mechanisms and a smaller percentage of patients with ISS ≥ 16 in both the elderly (38.0%) and octogenarian (23.3%) relative to adults (54.1%). Despite lower energy mechanisms and ISS, multivariate logistic regression analysis for the entire population showed that being an octogenarian had 3.6-fold increase in odds ratio of death relative to the adult population. Moreover, elderly patient's odds ratio of death was 2.35-fold higher relative to the adult population.
Patients with pelvis AIS ≥ 3 were analyzed for complications and were associated with hypovolemic shock, head injury, and ISS ≥ 16. More specifically, adults with AIS ≥ 3 survived slightly more (94%) then elderly (92%) and octogenarians (90.3%). The rest of the surviving octogenarian population had minimal complications and a decreased hospital length of stay relative to the elderly and adults. When analyzing the average percent survival relative to age, the trend was for decreasing in survival as age increased. More specifically, as patient's ages increased from 18 to 89 years, there is approximately a 1% decrease in survivorship per 10 years. That is, pelvic fracture patient survival decreases from 92.5% at age 20 to 85.5% at age 88.
We also analyzed the percentage of major procedures performed. The elderly and octogenarian patients had less surgery relative to the adult population in spite of a higher complication and mortality rate. This finding was in contrast to recommendations that angiographic embolization should be performed if bleeding into the pelvis is found in the elderly patient regardless of haemodynamic instability [25] .
Regarding hospital stay, we found that the elderly population that survived had a shorter hospitalization relative to their adult counterparts. This may be explained by the fact that the overwhelming number of elderly and octogenarian patients had pelvis fractures as a result of low velocity injuries. Moreover, these results underscore the importance of osteoporosis therapy in the prevention of pelvic and other osteoporotic fractures in the elderly and octogenarian populations.
The main strengths of the current study are that this is the largest cohort of elderly and octogenarian patients with pelvis fractures under investigation. Moreover, the representations of more than 900 academic and nonacademic centers of various trauma designation levels provide broad generalizability. However, this study also has few notable limitations. The National Trauma Data Bank is a convenience sample that contains data entered by many contributing United States hospitals and is not a total population database. Another limitation was that since the NTDB does not code separately for pelvic AIS, the pelvic AIS score was computed by excluding all patients with other lower extremity injuries from the lower extremity AIS score. This may have influenced the descriptive statistics. However, this allowed the comparison of similar injuries and to better isolate the effect of age. Finally, there could be interaction between variables that were not included in the model. These variables might not have been collected by the NTDB or may be latent factors not identified. Such discrepancies may have altered the final parameter estimates by either inflating or deflating their values. One potential limitation of the study is that we did not compare the comorbid conditions of the study sample to the entire NTDB. However, in a Canadian study, the authors found that more than 90% of octogenarians admitted to the emergency room with pelvis fractures had medical comorbidities [20] . Therefore, we can assume that our octogenarian patients also have similar comorbidities. However, we do not have similar data on the younger age group of patients and therefore could not include this information in this study. Another potential limitation of the study is that we did not include severe bleeding as a severe complication. This parameter is a cause of hemodynamic shock, but it is difficult to quantify and accurately report in a dataset like the NTDB. Therefore, it was not included in this study. Other limitations may include the fact that body mass index (BMI) can be a factor in the development of pulmonary embolism but may be protective of mortality in patients with pelvis fractures [17, 26] . This data was not sufficiently present to include in our prediction models.
In conclusion, the results of this study illustrate that the patients older than 80 years with pelvis fractures have a much higher mortality and complications rate than patients younger than 80 years old. These results emphasize the need for continued focus and study of the elderly patient with a pelvis fracture.
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